The solvent-free title compound 2 ∞ [Fe II {H 3 N + CH 2 CH 2 C(OH)(PO 3 H − )(PO 3 H − )} 2 ] was prepared by hydrothermal synthesis and consists of (4,4)-nets of iron octahedra (as the nodes) linked by corner sharing tetrahedra of the phosphonate groups. These layers are stacked in an ABB'A' sequence and are connected to give a three-dimensional network by hydrogen bonds between the non-Fe-bridging phosphonate groups. Pamidronate, C 3 H 10 NO 7 P 2 − is a zwitterion with an overall charge of −1.
Introduction
Increased attention has been paid to transition metal (organo)phosphonates in recent years due to their potential applications in ion exchange, absorption, and sensors [1 -3] . This interest extends to metal diphosphonates. Cobalt and iron diphosphonates are also investigated for their magnetic properties [4, 5] . Metal organophosphonates are an extensive class of organic-inorganic hybrid materials [6] with a wide variety of structural motifs including clusters, layers and networks. Attaching additional functional groups such as carboxylate, hydroxyl or amino to the phosphonic acid promises tunable functionality and synthesis tailored towards applications. Such modified diphosphonates also play a role in biological systems, including the removal of iron from iron proteins [7] . The compound 3-ammonium-1-hydroxypropylidene-1,1-bisphosphonate (= pamidronate) as the disodium salt is used clinically in the diagnosis and treatment of diseases affecting bone tissue [8 -11] . The synthesis and crystal structure of Fe 2+ pamidronate is reported in this communication.
Results and Discussion
The Fe 2+ salt of pamidronate, 
a doublet with an isomer shift, δ α−Fe = 1.26 mm/s, and a quadrupole splitting, ∆ E Q = 1.71 mm/s. At 77 K these values increase to δ α−Fe = 1.40 mm/s and ∆ E Q = 2.27 mm/s due to the second order Doppler effect. The observed large isomer shift δ α−Fe > 1 mm/s is indicative of Fe 2+ , the large quadrupole splitting of the high spin state (S = 2) [2, 12] . The iron atom is octahedrally coordinated by six oxygen atoms, four from two chelating bisphosphonate ligands and two from bridging phosphonate groups (Fig. 2 ). Bond valence sum calculations for the iron atom of 1 based on the Fe-O distances give a value of 2.20, thereby supporting the +2 oxidation state [13, 14] . The hydrogen atoms of the hydrogenphosphonato groups and of the ammonium nitrogen atoms in 1 were found in the X-ray data Fourier maps and their atomic positions could be refined (although it was preferred to place the NH 3 protons in calculated positions). Furthermore, protonated O atoms are recognized by their longer P-O distance of 1.562 -1.578Å, versus 1.494 -1.516Å for unprotonated O atoms [11, 15] . Yet the occupation factors of the ten protic hydrogen atoms are closely related to the oxidation state of the iron atom. A full protic hydrogen occupation (1.0) of the two hydrogenphosphonato and ammonium groups translates into a single negative charge for each pamidronate ligand and, thus, an iron oxidation state of Fe(II). An Fe(III) compound would only require an average protic hydrogen occupation of 0.9. This small difference in hydrogen occupation will not be available from the structure refinement. Hence, the single-crystal X-ray structure refinement alone could not lead to an unambiguous formula assignment but needed the above Mößbauer evidence [2, 12] . Therefore, each zwitteri- onic pamidronate anion was assigned as singly negative as depicted in Scheme 1 with each phosphonate group singly deprotonated to -PO 2 (OH) − and the amino group protonated to an ammonium ion -NH 3 + .
The crystal structure of 1 is built from layers of alternating corner sharing {FeO 6 } octahedra and {PO 3 C} tetrahedra ( Fig. 3 and 4) . The layer can be described as a (4,4)-or 4 4 -net, with iron being the node [16] . The layers lie parallel to the bc-plane and are stacked in an ABB'A' sequence along a due to the different hydrogen bonding interactions (see below). The nonbridging phosphonate groups are positioned above and below the plane which passes through the Fe atoms in Fig. 3 .
Along a the layers are connected by hydrogen bonds between the non-Fe-bridging phosphonate groups to give a three-dimensional network. The hydrogen bonding interaction to each side of the layer is different. This creates a sequence of layers which can be described as ABB'A'. The relationship between B-B' or A-A' is by a two-fold rotation axis (2) parallel to b at (0 or 1/2, y, 1/4 or 3/4). Layers A-B or B'-A' are related by a two-fold screw axis (2 1 ) parallel to b at (1/4 or 3/4, y, 1/4 or 3/4). The hydrogen bonding between B and B' (or A and A') is depicted in Fig. 5 . Between B and B' (or A and A') the non-bridging phosphonate groups of P1 are facing each other and give rise to a complementary H-bond between two symmetry related -PO 2 (OH)-groups. This is different from the H-bonds between A and B (or B' and A') which is shown in Fig. 6 . Between A and B (or B' and A') the non-bridging phosphonate groups of P3 are oriented towards each other. Here the hydrogen bonding between the PO 2 (OH)-groups is not complemen- . In all structures the pamidronate is present in its zwitterionic form. The calcium compound consists of one-dimensional metal-ligand columns which are extended to a three-dimensional hydrogen-bonded framework. Zinc pamidronate is built up from molecular complexes which are linked by H bonds. Noteworthy, in 1 the covalent metal-ligand dimensionality has been extended to a (4,4)-net, which we trace to the absence of additional water molecules of crystallization or aqua ligands. Crystals of calcium and zinc pamidronate were grown by solvent evaporation from water, while 1 was obtained by hydrothermal synthesis.
Experimental Section

General procedures
All work involving air-and/or moisture-sensitive compounds was carried out by using standard vacuum and Schlenk techniques. IR spectra (KBr pellet) were measured on a Bruker Optik IFS 25. NMR spectra were recorded with a Bruker Avance DPX200 spectrometer at 300 K (200 MHz for 1 H, 81 MHz for 31 P with 1 H broad band decoupling) with calibration against the solvent signal (D 2 O 4.87 ppm) or an external standard of 85% H 3 PO 4 , respectively. Elemental analyses were obtained on a VarioEL from Elementaranalysensysteme GmbH. 57 Fe Mößbauer spectra were collected in constant acceleration mode with a 57 Co(Rh) source. The transmission of the γ-radiation was detected by a NaI(TlI) scintillation counter; velocity calibration was performed with an α-Fe foil at room temperature; spectra were fitted by Lorentzian lines.
The sodium salt of pamidronate, sodium (3-ammonium-1-hydroxypropylidene-1,1-bisphosphonate) monohydrate (=3-amino-1-hydroxypropylidene-1,1-bisphosphonic acid monosodium salt), Na[H 3 NCH 2 CH 2 C(OH)(PO 3 H)(PO 3 H)]·H 2 O, was prepared by the method of Kieczykowski and coworkers [19] . The product was collected by filtration, washed with cold water and 95% ethanol and dried at room temperature for one night (yield 9.0 g, 57%). IR (major peaks only): ν = 3300 (br, νOH), 1654 (νC-C), 1475 (νP=O), 1074 cm −1 (νP-O). [20] , data reduction with SAINT [20] , experimental absorption correction with SADABS [21] .
Structural Analysis and Refinement: The structure was solved by direct methods (SHELXS-97), refinement was done by full-matrix least squares on F 2 using the SHELXL-97 program suite [22] . All non-hydrogen positions were found and refined with anisotropic displacement parameters. The hydrogen atoms on the four crystallographically different hydrogenphosphonato groups were found from the difference Fourier map and their positions were refined isotropically with Ueq(H) = 1.5 Ueq(O). Hydrogen atoms on carbon, oxygen atoms of -COH and ammonium-nitrogen atoms were placed at calculated positions, using appropriate riding models (AFIX 23 for CH 2 , AFIX 133 for NH 3 and AFIX 83 for -COH) and Ueq(H) = 1.2 Ueq(C) for CH 2 and Ueq(H) = 1.5 Ueq(N,O) for -COH and NH 3 . 256 refined parameters, final R1 = 0.0542, wR2 = 0.1294 for 2099 reflections with I > 2σ (I), final R1 = 0.0796, wR2 = 0.1374 for all data, goodness-of-fit 1.127, largest difference peak and hole 1.691/ − 0.749 eÅ −3 in the vicinity (0.9/1.0Å) of the P2/Fe atom. Graphics were obtained with DIAMOND (Version 3.0e) [23] . The structural data has been deposited with the Cambridge Crystallographic Data Center (No. CCDC-285961).
